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© Prosthetic Joint 



© A prosthetic ankle which can be easily and in- 
expensively manufactured and installed in conven- 
tional rigid prosthetic legs comprises opposing ob- 
long plates (13,14) having peripheries which are 
shaped to match the ankle portion of the leg in 
which the prosthetic ankle will be installed. Hinge 
structure (18,31) bisects the inner surfaces of the 
plates and rotatably connects the plates, one of 
which is secured to a lower leg surface (15) and the 
other to an upper foot surface (16). The plates may 
be sloped fore and aft to allow vertical rotation of the 
foot relative to the leg about the hinge axis. Biasing 
structure (21,22,26,27) acts to return the fodt to a 
position perpendicular to the leg and provide in- 
creased biasing with increased bending. The ankle 
allows small lateral rotations of the foot. The inven- 
tion also provides for an auxiliary attachment (40), 
such that if an element of the ankle should fail the 
^foot will remain secured to the leg. 
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PROSTHETIC JOINT 



Background of the Invention 

t. Field of the Invention 

This invention relates generally to prosthetic 
joints, and specifically to a prosthetic ankle which 
is Inexpensive, durable, life-like in operation, and 
can be easily and inexpensively installed into rigid 
prosthetic leg devices. 



2. Description of the Prior Art 

The ankle portion of prosthetic devices for both 
below-knee and above-knee amputees is conven- 
tionally rigid. A piece of shock absorbing substance 
such as rubber may be provided at the heel of the 
artificial foot to both absorb shock during walking 
and to provide some flexibility. However, this con- 
struction is a poor substitute for the natural move- 
ment of an ankle. The natural rocking motion af- 
forded by .an ankle smooths the walking motion 
and the body parts associated therewith help to 
absorb the shock forces that are associated with 
walking. 

Prosthetic ankles have been provided for the 
amputee which seek to simulate the movement of 
the human ankle. These are quite expensive and 
usually require the purchase 'of a new leg and foot 
as they are commonly designed to cooperate with 
the ankle. These devices typically provide only a 
limited range of mobility, on the order of 3£° 
forward of the vertical axis and 1° backward. Pre- 
vious ankle designs also provided little in the way 
of sideways give and therefore made walking lat- 
erally or sideways to an inclined surface difficult. 
Moreover, such designs often have no means for 
returning the foot to Its natural position, perpen- 
dicular to the leg, without the application of external 
force. Those devices which do have internal bias- 
ing means are often either too restrictive and do 
not provide sufficient play or give, or are too loose 
and tend to flap about Moreover, the biasing resis- 
tance which they provide is relatively constant over 
the full range of movement, limited though it is. It 
would be desirable to have more give at angles 
close to the vertical axis where fluctuations are 
common and more biasing at larger angles where 
greater support is needed. Previous prosthetic an- 
kles have been very susceptible to wear and tend 
to work loose or deteriorate markedly with use. 



These failures of the prior art alt contribute to a 
marked safety hazard in the use of prosthetic de- 
vices. Wobbling, and even falling, are everyday 
fears for the wearers of prosthetic leg devices. 

5 The present invention provides a prosthetic an- 
kle joint which is easily installed in conventional 
rigid prosthetic legs. The Joint is inexpensively 
made and installed, and provides an extended 
range of movement, similar to that of the human 

70 ankle. The joint is internally biased to return the 
foot to a position perpendicular to the leg, and the 
biasing increases as bending increases. It is made 
of durable materials which can withstand the sub- 
stantial forces which are placed on such a device. 

15 

Summary of the Invention 

It is an object of the present invention to pro- 
20 vide a prosthetic ankle device which is easily incor- 
porated into conventional, rigid artificial legs. 

It is another object of the present invention to 
provide a prosthetic ankle device which is inexpen- 
sively made and installed in conventional, rigid 
25 artificial legs. 

It is yet another object of the present invention 
to provide a prosthetic ankle device which closely 
simulates the range of motion afforded by the 
human ankle. 

30 It is still another object of the present invention 
to provide a prosthetic ankle device which is bi- 
ased to return the foot to a position perpendicular 
to the leg portion. 

It is another object of the present invention to 

35 provide a prosthetic ankle device which provides 
relatively small resistance at leg-to-foot angles 
close to the perpendicular but affords greater bias- 
ing resistance as bending increases. 

It Is still another object of the present invention 

40 to provide a prosthetic ankle device which is dura- 
ble when exposed to the severe forces which act 
on such a device. 

It is yet another object of the present invention 
to provide a prosthetic ankle device which will 

46 safely secure the foot portion to the leg portion. 

These and other objects are accomplished by 
providing a prosthetic ankle device which is formed 
by opposing upper and lower plates adapted for 
attachment to the lower leg portion and foot por- 

50 tions, respectively, of a conventional rigid pros- 
thetic leg at its ankle portion. The plates are at- 
tached to each other by interfitted hinge means 
such that the natural rotations of the foot relative to 
the leg are permitted. The hinge means is prefer- 
ably fonmed of projecting semicylindrical rings and 
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grooves adapted to receive the rings. The rings 
have hollow cores which align when the rings are 
Interfitted so as to receive a pin or pins which 
forms a hinge axis and holds the joint securely 
together. 

Biasing means are located on the fore and aft 
side of the hinge joint which progressively resist 
rotation about the hinge axis. Each biasing member 
preferably comprises a rubber cylinder, the axis of 
which is perpendicular to the hinge axis and the 
top and bottom faces of which rest In seats formed 
In the plates. The biasing members further com- 
prise springs, the coils of which loosely wrap the 
rubber cylinder. Means for stopping rotation are 
also provided. These means preferably comprise a 
rubber grommet further encircling both the spring 
and the cylinder. 

The biasing means acts to return the foot to a 
position perpendicular to the leg, counteracting ro- 
tational forces with progressive resistance. The 
biasing means provides minor resistance to rotation 
about the hinge axis when the rotation is minor, 
such that the leg is substantially perpendicular to 
the foot When bending becomes more extreme, 
however, increased resistance is provided as the 
cylinder acts on the spring and finally as the grom- 
met Is engaged by the plates. The hinge members 
and pins are precision formed with sufficient space 
therebetween to allow a small lateral rotation of the 
foot. 

The ankle is preferably provided with a bolt 
which extends through a bore in the foot, slots in 
the plates, into a bore in the leg. The bolt head is 
seated on a grommet, and the bolt passes through 
a slot in the plates which extends fore and aft along 
a line perpendicular to the hinge axis and passing 
through the midpoint thereof. The grommet slots 
and bores provide sufficient give around the bolt so 
that the afore described motions are permitted. The 
bolt provides an added safety measure such that 
should a pin shear, the foot will remain secured to 
the leg by the bolt. 

r 

Brief Description of the Drawings 

There are shown in the drawings embodiments 
which are presently preferred. It should be under- 
stood, however, that the invention Is not limited to 
the precise arrangements and Instrumentalities 
shown. 

Fig. 1 is a side elevation of a prosthetic 
ankle device according to this invention. 

Fig. 2 is an exploded perspective view of the 
prosthetic ankle device shown in Fig. 1. 

Fig. 3 is a cross-section of the prosthetic 
ankle device taken along the line 3-3 in Fig. 4. 



Fig. 4 is a cross-section of the prosthetic 
ankle device taken along the line 4-4 in Fig. 1 . 

Fig. 5 is a cross-section of the prosthetic 
ankle device taken along the line 5-5 in Fig. 3. 

5 

Detailed Description of the Preferred Embodiments 

This invention provides a prosthetic ankle de- 

io vice which is inexpensively and easily installed in 
conventional rigid prosthetic legs, ft provides fore 
and aft biasing such that the foot returns to a 
position perpendicular to the leg when no force Is 
acting on H. Greater biasing forces are provided 

T5 when the angular relationship between the foot and 
the leg is substantially off the perpendicular. A 
small lateral rotation of the foot is provided as by 
the human ankle. The construction materials are 
durable and can' readily withstand the severe forces 

20 acting on the ankle. A safety feature can be pro- 
vided so that the foot would be securely held to the 
leg even should an ankle element break. 

The manner in which the preceding features 
and advantages are provided will be described with 

25 reference to the drawings. Like numbers in the 
drawings refer to like elements in the various fig- 
ures. With reference to Fig, 1, a prosthetic leg 9 
has a leg portion 11, an ankle 10, and a foot 
portion 12. The leg 11 and foot 12 are such as 

30 would be found In a conventional rigid prosthetic 
leg, where they would otherwise form a single rigid 
member. The ankle 10 has an upper, plate 13 
secured to the lower leg surface 15 and a lower 
plate 14 secured to an upper foot surface 16 in a 

35 manner to be described below. 

With reference now also to Figure 2, the plates 
have hinge means formed therein which preferably 
comprises projecting semicylindrical rings 18 with 
hollow cores 31, the rings 18 alternating with re- 

40 cessed grooves 17 adapted to receive the rings 
from the opposing plate. The rings of the upper 
plate are disposed so as to be received by the 
grooves of the lower plate and to interffl with the 
rings of the lower plate. Similarly, the rings of the 

46 lower plate are received by the grooves of the 
upper plate when the rings are interfitted. When the 
rings are so Interfitted, the cores 31 of the rings 18 
aiign so as to form a bore through which are 
positioned pins 32 to hingeably secure the joint 

so together. The location of the hinge axis 33 so 
formed should substantially duplicate the location 
of the axis of the human ankles, and more or less 
divides the plates into a fore half 19 and an aft half 
20. 

65 
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The plates 13 and 14 are preferably sloped 
fore and aft from the hinge axis such that the 
plates are narrower at their front and rear extrem- 
ities. The opposing surfaces of the fore halves 19 
and the aft halves 20 define included angles which 
represent the maximum allowable rotation about 
the hinge axis. 

Biasing means are located fore and aft of the 
hinge axis 33. The biasing means preferably com- 
prises, as forward of the hinge axis 33, a rubber 
cylinder 21 that is disposed perpendicularly to the 
hinge axis and preferably located on a line that 
bisects the hinge axis. A spring 22 is disposed 
over the cylinder 21 such that the coils of the 
spring 22 wrap around the cylinder 21. A grommet 

23 encircles the spring 22 and the cylinder 21. the 
biasing means is mounted in an upper plate seat 

24 and a tower plate seat 25. Similarly, the aft 
biasing means comprises rubber cylinder 26, 
spring 27 and grommet 28 resting in upper plate 
seat 29 and lower plate seat 30. 

A bolt 40 can be used to secure the foot to the 
leg as an added safety feature in a manner to be 
described below. The bolt has associated therewith 
washer 41, rubber grommet 42, and washer 43. 
The bolt extends through slots 44 and 45 in the 
lower and upper plates, respectively, and is se- 
cured In a threaded unit such as nut 46 or the like, 
which is embedded in or otherwise secured to the 
ieg portion 11 of the articificial leg 9. 

In one embodiment, the nut 46 is In the nature 
of a helicoil and is embedded in a plug insert 50 
which is centrally located in the base of the leg 11 
(Fig. 3). The bolt 40 passes through a bore 51 
which extends through the heel of the foot 12 and 
is aligned with the slot 44 In the lower plate 14 
(Rg. 5) and the slot 45 in the upper plate 13. The 
bolt 40 continues through the bore 52 in the plug 
50 and threadably engages the nut 46 which is 
embedded in the plug 50^ The head 53 of the bolt 
40, with washer 41, grommet 42, and washer 43, 
rest in a seat 60 hollowed from the heel of the foot 
12. 

One or both of the bores 51 and 52 will gen- 
erally have a diameter In excess of the diameter of 
the bolt such that the bolt will have a range of 
motion within the bore when the foot is rotated. 
This design is preferable when a bolt made from 
an especially rigid material is used. The bores may 
have a substantially oval cross-section, aligned with 
the siots in the plates, as shown by the different 
clearances evident in Figs. 3 and 4, which are 
oriented at right angles to one another about the 
longitudinal axis of the boit. 

During the walking motion, as the foot is lower- 
ed to the ground, the heel will commonly make 
contact first This creates a force which acts to 
rotate the heel about the hinge axis 33 and to 



thereby move aft surfaces 20 towards one another. 
As this rotation takes place, cylinder 26 and spring 
27 are compressed an thereby absorb some of the 
shock of impact. As the aft surfaces 20 move 
s closer to one another, the cylinder 26 becomes 
larger in diameter as it is compressed. Its perim- 
eter begins to press on the coils of the spring 27 
such that compression of the spring coils is re- 
tarded and an increased biasing effect is created 
whereby further rotation about the hinge axis is 
more severely resisted. It can therefore be seen 
that when the leg is vertical and the foot Is horizon- 
tal, there will be only minor resistance to bending, 
allowing a certain degree of freedom about the 
perpendicular. When bending is more severe, how- 
ever, greater resistance is encountered, which 
helps to both align the foot relative to leg and also 
to absorb the shocks and strains which are asso- 
ciated with greater bending. As rotation of the 
plates continues, the aft surface 20 engage grom- 
met 28 which gentiely stops further rotation without 
jarring. 

The action of the biasing means in the fore half 
of the ankle is similar to that described above for 
the aft biasing means except that forward rotation 
should generally be more extensive than rearward 
rotation. The slope of the fore surfaces 19, and 
thus the included angle therebetween, is preferably 
greater than that of the aft surfaces 20 so that 
greater bending can occur in the forward direction 
than in the rearward direction. This action simulates 
that of the human ankle. Preferably, the sloped 
surfaces 19 coact with the fore biasing means to 
allow forward bending of the leg towards the foot of 
approximately 15°. while the aft sloped surfaces 20 
and aft biasing means are so constructed as to 
allow approximately 6 6 rearward bending. Greater 
bending increases the risk of falls as the center of 
gravity moves with bending away from a steady 
position directly above the feet 

It would be apparent to one skilled in the art 
that alternative means to stop rotation of the plates 
at a predetermined position could be used in place 
of the sloped surfaces and the grommet For exam- 
ple, abutting surfaces at the fore and aft 'most 
peripheries could be fashioned into the plates to 
perform this function. Similarly, the slope of the 
plates could be reduced or eliminated altogether in 
favor of a larger hinge, which would allow a similar 
degree of rotation. 

During the bending action, the bolt 40 moves 
forwards or rearwards in the slots 44 and 45 and in 
one or both of the bores 51 and 52 such that the 
presence of the bolt does not interfere with the 
bending operation. Shear stresses brought on the 
bolt by the bending operation are absorbed par- 
tially by the grommet 42. 
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The hinge member 17 and 18, and pins 32 are 
built with sufficient tolerance to allow a small lateral 
rotation of the foot in either direction as indicated 
by the arrows in Fig. 4. This rotation is preferably 
approximately 2° in either direction from the verti- 
cal. As before, the bolt has sufficient lateral spacing 
in the slots 44 and 45 and in one or both of the 
bores 51 and 52 to allow this rotation, and any 
shear stress on the bolt is again partially taken up 
by the grommet 42. 

The upper and lower plates are constructed 
preferably of nylon. Any durable plastic or other 
material which would be known to those skilled in 
the prosthetic art could be used. The cylinders 21 
and 26, and the grommets 23, 28, and 42 can be 
made of any suitable elastomer which would be 
known to those skilled in the art Preferable rubbers 
would be those known in the art as "80 gravity" 
rubbers. The springs 22 and 27, pins 32, bolt 40, 
washers 41 and 43, and nut 46, may be made of 
metals known to those skilled in the art, but prefer- 
ably are fashioned from a quality stainless steel. 
The plug insert 50 is constructed as is known in 
the art but typically is made from willow wood. 

Installation of the prosthetic ankle is simple and 
inexpensive. The prosthetic foot is sawed from the 
leg approximately where the human ankle would be 
located. Approximately one-half inch must be re- 
moved from the leg and approximately one-quarter 
inch must be removed from the foot to make room 
for the ankle. The plug 50 with the bore 52 and the 
nut 46 is inserted into a suitable space fahsioned in 
the leg 11. Bolt seat 60 is fashioned in the heel of 
the foot 12 and the bore 51 is drilled through the 
foot The lower plate 14 and upper plate 13 are 
installed at the top of the foot 16 and bottom of the 
leg 15 such that slots 44 and 45 align with the bolt 
bores 51 and 52. 

The plates are secured to the leg and the foot 
through means known in the art. Preferably holes 
will be drilled as seats for screws (not shown in the 
drawings). The location of the holes is left to the 
discretion of the professional prosthetic installer, 
although a location between the biasing seats 24- 
25 and 29-30, and the slots 44 and 45 would do. 

Once the plates are attached, the hinge mem- 
bers are interfrtted with the biasing means in place 
and pins 32 are placed In the bores formed by 
cores 31. The pins 32 may include securing means 
known in the art such as split outer ends which 
wedge into the cores to secure the pins. The bolt 
40 with washer 41, grommet 42, and washer 43 
may then be slid through the bore 51, slots 44 and 
45, Into bore 52, aind threadably engaged to nut 46 
to thoroughly secure the foot 12 to the leg 11. 



The presence of the bolt 40 is not necessary 
for operation of the invention. The pins 32 gen- 
erally will be sufficient to hold the ankle together. It 
is an added safety feature which would hold the 
6 foot to the leg in the unlikely event that an element 
of the ankle device shouid fall. 

A cosmetic covering 61 (Fig. 3) can be fitted 
around the prosthetic ankle to provide a more 
natural appearance. Such a covering would typl- 

to cally be made of pink vinyl and installed by meth- 
ods known to those skilled in the art. 

The present invention provides an inexpensive 
prosthetic ankle which can be easily and inexpen- 
sively installed in conventional rigid artificial iegs. It 

75 is fashioned to allow bending similar to the range 
of motion allowed by the human ankle. It Includes 
biasing means which absorb shock and act to 
return the foot to a natural position perpendicular to 
the leg. The biasing means are progressively resis- 

20 tant as more bending is encountered. Grommets 
stop bending, without jarring, at a point which simu- 
lates the range of motion of the human ankle but 
also helps to prevent loss of balance. The ankle is 
fashioned from durable materials which are none- 

25 theless inexpensive to fashion and install. A bolt 
can be provided to insure that the foot remains 
attached to the leg in the unlikely event of a failure 
of an ankle element. 

This invention may be embodied in other spe- 

30 clfic forms without departing from the spirit or 
essential attributes thereof, and accordingly, refer- 
ence should be made to the appended claims, 
rather than to the foregoing specification, as In- 
dicating the scope of the invention. 

36 

Claims 

1. A prosthetic ankle device for movably at- 
40 taching a lower leg part to a foot part, the device to 
displace at least a part of a prosthetic leg, the 
device separating the lower leg part and the foot 
part from one another, the lower leg part and foot 
part defining facing surfaces, the device compris- 
es ing: 

upper and lower plates conforming in shape and 
adapted for attachment to said facing surfaces of 
said lower leg and foot parts, respectively, 
said upper and lower plates together forming hinge 

so means connecting said plates, said hinge means 
defining a lateral axis of rotation for the foot portion 
and the lower leg portion relative to one another; 
resilient biasing means disposed between said 
plates on both sides of said lateral axis for progres- 

65 sively resisting rotation about said axis, whereby 
natural foot rotation about an ankle is simulated 
with respect to cushioning of foot strikes without 
risking loss of balance; 
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auxiliary means for securing said foot part to said 
lower teg part extending longitudinally through the 
lateral axis, while allowing said rotation. 

2The prosthetic ankle device of ciaim 1, 
wherein the hinge means connecting the upper and 
lower plates include spaced ridge shapes on each 
of the plates disposed in corresponding spaced 
troughs in the other of the plates, the ridge shapes 
of the upper and lower plates being interleaved and 
having a lateral bore along the lateral axis, and at 
least one hinge pin extending through the ridge 
shapes. 

3. The prosthetic ankle device of one of the 
preceding claims, further comprising means for 
limiting rotation in a backward direction more than 
in a forward direction, whereby the risk of toppling 
backwards is reduced without limiting forward rota- 
tion, whereby a full range of natural foot movement 
may be safely achieved. 

4. The prosthetic ankle device according to one 
of claims 1-3, wherein said upper and lower plates 
have two pairs of opposed surfaces, one pair being 
on each side of said lateral axis, said pairs of 
surfaces defining oppositely directed included an- 
gles, said included angles defining a range of rota- 
tion about the lateral axis. 

5. The prosthetic ankle device of claim 1. 
wherein said auxiliary means for securing said foot 
part to said lower leg part includes a slot disposed 
fore and aft of the lateral axis along and through 
each of said upper and lower plates, a first bore 
extending through said foot part to said slot, 
through said lower plate, and a second bore ex- 
tending through said upper plate into said lower leg 
part; 

a unit adapted to receive a bolt, disposed at a 
closed end of said second bore; 
a bolt passing into said heal and through said first 
bore, said slot and said second bore, the bolt 
having an end secured in place by said unit and an 
opposite end with a bolt head; and, 
resilient means disposed between the belt and at 
least one of the foot part and the leg part, relative 
movement of said bolt and said slots during pivot- 
ing of the bolt about the resilient means ac- 
comodating the full range of natural foot rotation, 
whereby the lower leg and foot portions may be 
securely connected without impairing operation of 
the device. 

6. The prosthetic ankle device of one of the 
preceding claims, wherein said resilient biasing 
means includes a rubber grommet and washers on 
each side of said, grommet 

7. The prosthetic ankle device of claim 2, 
wherein said hinge means connecting the upper 
and lower plates are connected with sufficiently 
loose tolerances to one another and to said pin to 



allow a small lateral rotation of said lower plate up 
to about two degrees in either direction with re- 
spect to said upper plate. 

8. The prosthetic ankie device of claim 1, 
b wherein the auxiliary means Is a bolt with ends 

fixed at the leg and at the foot, the bolt being 
resilient 

9. The prosthetic ankle device of claim 1, 
wherein said biasing means comprises a cylinder 

to constructed of an elastomeric material around 
which is wrapped coils of a spring, an elastomeric 
grommet encircling said spring and said cylinder, 
said cylinder being seated in bores in .said upper 
plate and said lower plate. 

76 10. The prosthetic ankle device of claim 1, 
wherein the lower leg is rotatable backwards rela- 
tive to said foot by up to approximately six de- 
' grees, and rotatable forward relative the foot by up 
to approximately fifteen degrees. 
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